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FEBS Letters Young Group Leader Awardhttp://dx.doi.org/10.1016/j.febslet.2014.06.003FEBS Letters is pleased to announce that the 2014 FEBS Letters
Young Group Leader Award was presented to Dr. Susanna
Törnroth-Horseﬁeld, from the University of Lund, Sweden, for her
outstanding paper ‘‘Structural basis for pH gating of plant aquapor-
ins’’ published last year in FEBS Letters [1]. We have interviewed
Dr. Törnroth-Horseﬁeld, to gain a comprehensive perspective of
this study, and establish a more personal contact with the young
scientist that stands behind it.
Dr. Törnroth-Horseﬁeld, what is the key ﬁnding in your
award-winning paper?
Cells have special membrane-bound channels called aquaporins
that regulate their water content. We studied a plasma membrane
aquaporin from spinach called SoPIP2;1, which can open or close
depending on water requirements. The so-called gating mechan-
ism is regulated by phosphorylation during drought stress, and
by changes in the pH upon ﬂooding. Ca2+ is also known to inhibit
aquaporin channel opening. In a previous study [2], we had shown
that a loop within the protein structure functions as a gate by chan-
ging its conformation.
When a plant undergoes ﬂooding, pH is low due to oxygen
deprivation. This is known to involve a His residue found on the
gating loop. In our previous work, we suggested that this His would
ﬂip its side chain and interact with a nearby Ca2+ ion, thereby
stabilizing the loop in the closed conformation. In the FEBS Letters
paper, we achieved crystallization at a low pH (pH 6), and in the
absence of divalent cations. We could now actually see the His ﬂip
upon closure, and observed that in the absence of Ca2+ this residue
interacts with a different part of the protein than previously
suggested.
Does this mean that phosphorylation, pH and divalent cations
are distinct signals that regulate channel gating?
It is more a matter of equilibrium between these signals,
where each of them can push the balance in either direction.
Phosphorylation and pH affect the state of the gating loop via
two separate mechanisms, as the Ser residues that are phosphory-lated upon drought are in a different region of the protein and are
not as sensitive to changes in pH. Phosphorylation leads to channel
opening, while in the dephosphorylated state one of the serines
interacts with the Ca2+-binding site, thereby stabilizing the closed
channel. As for pH-induced closure, a drop in cytoplasmic pH is often
accompanied by a rise in intracellular Ca2+ levels, and the two signals
reinforce each other by pushing the equilibrium towards the closed
conformation. It might happen, however, that a drop of pH occurs
without a rise in intracellular Ca2+ levels, and we showed in this
paper that the gate closure still takes place.What are the wider implications of your ﬁndings?
Understanding the plant aquaporin gating mechanism at the
molecular level may help develop transgenic plants that are more
resistant to drought or ﬂooding. Also, this information is key to
understanding how heavy metals such as Cd2+ can affect plants
and their water regulation.You published several studies on human aquaporins as well
[3,4]. How do human aquaporins differ from plant aquaporins?
The core structure of aquaporins, including those from human
and plant, is highly conserved. The overall fold, how the channel
selects for water molecules and excludes protons, and the way
water is transported through the channel are basically the same.
Plants need to regulate the entrance of water in their system more
accurately because they are ﬁxed and cannot escape ﬂoods or
drought. This is done via gating. However, human aquaporins are
not gated. In human aquaporins, the stretch of residues corre-
sponding to the gating loop found in plant aquaporins is shorter,
and it cannot ﬂip and close the channel. Instead, several human
aquaporins (e.g. AQP2, which is responsible for regulating urine
volume in the kidney) are regulated by trafﬁcking. The channels
are kept in intracellular storage vesicles, and upon a speciﬁc signal
they are transported to the plasma membrane, thereby increasing
its water permeability. In 2010, we actually published a review in
FEBS Letters on eukaryotic aquaporin regulation that nicely depicts
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different origins [5].
How did you ﬁrst get involved with crystallography?
As a matter of fact, crystallography was not my burning
desire at the very beginning of my career. I started out as a
pharmacist and discovered during my undergraduate studies
that I enjoyed research. I did my PhD in a biochemistry lab in
Uppsala that focused on membrane protein crystallography. It
suited me, so I stuck with it. Crystallography can be quite
diverse: it involves producing the crystals in the lab, going to
fancy experiment stations called synchrotrons to obtain the
electron density maps, and then there’s an intense part of com-
puter analysis. I particularly enjoy looking at crystals at the
microscope. It’s a bit like a treasure hunt, and crystals can look
rather beautiful, I think.Why did you choose FEBS Letters to publish this study?
FEBS Letters has a wide audience in biochemistry and publishes
articles that are compact and to the point. We had a concise result,
which ﬁtted the FEBS Letters format perfectly. FEBS Letters just felt
like the right journal. It was an easy choice.You have a family with two young children. How difﬁcult is it to
reconcile motherhood with your career?
It has actually worked out very well for me. Research allows for
a certain ﬂexibility, and I often work from home in the evenings.
My husband also has ﬂexible working hours, and that makes things
a lot easier. Of course, there are times when I cannot work as much
as I would like or need to, but I guess this is the case for everybody.
I haven’t seen it as a problem: it’s a blessing to be able to do both.
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